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© Automatic chemical analysis system and automatic chemical analysis method. 



© An automatic chemical analysis sytem com- 
prises a sample setting unit for accommodating a 
plurality of sample vessels each in which a sample 
is contained, a suction unit for sucking the sample in 
the sample vessel and detcting an amount of the 
sucked sample, a sample temporary storage unit for 
storing the sample vessel in which an insufficient 
amount of the sample is contained, a dilution unit for 
diluting the sample contained in the sample vessel 
stored in the sample temporary storage unit, a 
reagent setting unit for supplying a reagent into the 
sample vessel, a measurement unit including a sam- 
ple reaction vessel into which the reagent is supplied 
from the reagent setting unit, and a control unit for 
controlling operations of these units. The control unit 
performs operations for instructing that a sample 
vessel containing the sufficient amount of the sample 
is to be directly transferred to the measurement unit 
and a sample vessel containing the insufficient 
amount of the sample is to be transferred to the 
sample temporary storage unit, for calculating an 
insufficient amount of the sucked sample in the 
sample vessel transferred to the sample temporary 
storage unit and for obtaining an information regard- 
ing an amount of a dilution solution 1or compensating 
for the insufficient amount of the sample, for carrying 
out an analysis treatment after dilution of the sample 



in accordance with the information of the amount of 
the dilution solution, and for compensating for a 
result of the analysis treatment in accordance with 
the information of the amount of the dilution solution. 
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sample temporary storage unit and associated 
units of the automatic chemical analysis system 
of Fig. 1; 

Fig. 5 is an illustration for the explanatory of a 
dilution unit of the automatic chemical analysis 5 
system of Fig. 1; and 

Fig. 6 is a flowchart for the explanatory of auto- 
matic chemical analyzing processes carried out 
according to the present invention. 

70 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 



An automatic chemical analysis system to 
which the present invention is applicable generally 75 
comprises an analyzing unit and a data processing 
unit. The analyzing unit includes a sampler, i.e. 
sample setting unit, generally having a circular 
configuration and being rotatable, in which a plural- 
ity of sample vessels containing samples to be 20 
analyzed are set, a sample dilution means for dilut- 
ing the sample as occasion demands and a mea- 
suring unit including a constant temperature con- 
tainer and an agitation means, for example for 
maintaining constant the temperature of the sam- 25 
pie. In such the analysis system, these members 
are arranged on a table, for example, of the analyz- 
ing unit. A reagent supply container in which a 
reagent is contained is disposed in the vicinity of 
the sample analyzing unit. 30 

The data processing unit includes an overall 
control unit as a central processing unit (CPU) 
provided with a display means or a printer. The 
data Irom or to the respective means are controlled 
by this data processing unit. 35 

A preferred embodiment of the present inven- 
tion will be described hereunder with reference to 
Figs. 1 to 6. 

Fig. 1 is a diagram showing an arrangement of 
one embodiment of an automatic chemical analysis 40 
system according to the present invention, wherein 
a sample setting unit 1 includes a plurality of 
sample vessels 1A such as test tubes each con- 
taining a sample to be analyzed, these sample 
vessels 1A being sequentially moved. Fig. 1 shows 45 
the case in which only one sample vessel 1A is 
provided. Referring to Fig. 1, a sample suction 
probe 2 is disposed above the sample vessel 1A 
and can be vertically and horizontally moved by a 
drive unit 5. A pump 4 is connected to the sample so 
suction probe 2 through a suction monitor 3 and 
the probe 2 sucks an amount of a sample neces- 
sary for analysis when it is lowered into the sample 
vessel 1A. 

The suction monitor 3 has a function for detect- 55 
ing whether or not a necessary amount of the 
sample is sucked when the sample is sucked. A 
result of detection is supplied to an overall control 



unit 15 to be described hereinlater and it is deter- 
mined on the basis of this result whether the sam- 
ple is to be directly transferred to a direct mea- 
surement line 12 such as a route R3 or to be 
transferred to a temporary sample storage unit 6 
such as a route R1. 

A sample the amount of which sucked by the 
sample suction probe 2 is sufficient for analysis is 
directly tansferred to the measurement line 12 in a 
horizontal direction by being driven by the drive 
unit 5 and supplied to a reaction vessel 12A pre- 
pared in the measurement line 12, whereas the 
sample the sucked amount of which is not suffi- 
cient for analysis is transferred to the temporary 
sample storage unit 6 instead of being transferred 
to the measurement line 12. 

A reagent setting unit 17 is disposed in the 
vicinity of the measurement line 12 from which a 
desired reagent is supplied to the reaction vessel 
12A by a reagent gathering unit, not shown, almost 
at the same time with the supply of the sample. 
Further, when an indication of the dilution is made, 
pure water is supplied to the reaction vessel 12A 
from a dilution unit 13 through a dilution probe 13A. 
The result of anylysis of the sample subjected to 
an analyzing process at the measurement line 12 
under the control of a measurement control unit 14 
is supplied to the overall control unit 15 and re- 
ported to a display unit 16 composed of a CRT 
(cathod ray tube) monitor or printer. 

The temporary sample storage unit 6 is com- 
posed of a sample vessel 6A such as test tube to 
which the sample transferred by the sample suc- 
tion probe 2 is supplied, a sample quantity deter- 
mination probe 7 which is to be lowered into the 
vessel 6A by a drive unit 9 for determining the 
quantity of the sample, a level detection unit 10 for 
detecting the level of the sample in the vessel 6A, 
a pump 8 for sucking the sample, a cleaning unit 
11 lor cleaning the vessel 6A, and the like. The 
shape and size of the sample vessel 6A to which 
an insufficient amount of a sample is supplied is 
previously known. The sample suction probe 2 
having transferred a sample to the sample tem- 
porary storage unit 6 returns to the original position 
thereof at once for sucking other sample. There- 
fore, the operation of the sample suction probe 2 is 
carried out concurrently with the opeartion of the 
sample quantity determination prove 7. 

The sample quantity determination probe 7 is 
lowered into the vessel 6A by the drive unit 9, and 
when the level detection unit 10 attached to the 
extreme end of the probe 7 detects the sample 
level, a detection signal is transmitted to the drive 
unit 9. With this arrangement, the drive unit 9 
calculates an amount (volume) of the sample in the 
vessel 6A by calculating a moving amount of the 
probe 7 lowered into the vessel 6A and determin- 
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ing a height of the level of the sample based on 
the previously known shape and size of the vessel 
6A. 

Fig. 2 describes a method of calculating an 
amount of the sample as explained above. In Fig. 
2, HO, H1, H2 t V1 and S are defined as follows. 
HO: height from the bottom of the vessel 6A 

to the initial position of the probe 7 
H1: amount of movement of the probe 7 

before the sample level is detected 
H2: height of the sample in the vessel 6A 
V1 : volume of the sample 
S: bottom area of the vessel 6A 
Therefore, V1 is determined as follows. 

V1 = SxH2 = Sx(HO-HI) (1) 

An accuracy of the value V1 depends on such 
conditions as a dimensional accuracy of the sam- 
ple vessel 6A, an accuracy of the positional rela- 
tionship between the sample vessel 6A and the 
sample quantity determination probe 7, an accu- 
racy of movement of the sample quantity deter- 
mination probe 7, a sensitivity of the level detection 
unit 10. and the like. According to the present 
invention, however, when the error thereof are 
known, the object of the invention can be achieved. 
The error is now assumed as a value of Ve. Fur- 
ther, although the sample is sucked by the sample 
quantity determination probe 7 ( transferred to the 
measurement line 12 such as the route R2 and 
supplied to the reaction vessel 12A thereof, it is 
difficult to entirely suck the amount of the sample 
corresponding to VI and thus it cannot be avoided 
that a slight amount of the sample remains. When 
this remaining amount is represented by Vd, an 
amount V2 to be used for measurement will be 
eventually expressed as follows. 

V2 = V1 - Ve - Vd (2) 

Therefore, the amount V2 is sucked from the 
vessel 6A by the pump 8 through the sample 
quantity determination probe 7, transferred to the 
measurement line 12, and supplied to the reaction 
vessel 12A. Here, the amount V2 is naturally small- 
er than the amount V0 necessary for measurement. 
The insufficient amount V = (V0 - V2) is sup- 
plemented with pure water supplied from the dilu- 
tion unit 13. 

More specilically, the sample is diluted by a 
magnification ratio for dilution D shown by the 
following farmula. 

D = (V2 + V)/V2 = V0/V2 (3) 

This magnification ratio lor dilution D is stored 
in the measurement control unit 14. 
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The diluted sample is analyzed in the measure- 
ment line 12 in the same way as that of a usual 
sample for obtaining a measured value. Then, the 
measured value is multiplied by the magnification 

5 ratio for dilution D by means of the above mea- 
surement control unit 14 storing the same and 
converted to an actual concentration value, which is 
sent to the overall control unit 15 and reported to 
the display unit 16. It is to be noted that an 

70 additional display may be made to indicate that the 
insufficient amount of the sample has been diluted. 

The operation of the present invention will be 
described hereunder. 

As shown in Fig. 3, respective samples re- 

75 quested to be analyzed are contained in the sam- 
ple vessels 1A in the sample setting unit 1 and 
sucked by the sample suction probe 2 2 in accor- 
dance with analysis items, and the suction monitor 
3 detects whether or not each sample has been 

20 sucked in an amount necessary for analysis. The 
sample the sucked amount of which is determined 
insufficient as the result of the detection is transfer- 
red to the temporary sample storage unit 6 by the 
above sample suction probe 2 through the route R1 

25 and supplied to the sample vessel 6A prepared 
there, as shown in Fig. 4. 

The amount V1 of the insufficiently sucked 
sample is determined from the formula (1) in the 
temporary sample storage unit 6 by the way men- 

30 tioned above. Further, the amount V2 of the sample 
capable of being used for measurement is deter- 
mined on the basis of the formula (2), and further- 
more, an insufficient amount is determined from 
the amount V0 necessary for measurement. In ad- 

35 dition, a magnification ratio for dilution D fordeter- 
mining an amount to be added to the amount V2 is 
calculated on the basis of the formula (3) and 
stored inthe measurement control unit 14. 

Subsequently, this sample is sucked by the 

40 sample quantity determination probe 7, transferred 
to the measurement line 12 through the route R2 
and supplied to the reaction vessel 12A. Referring 
to Fig. 5, pure water of the amount corresponding 
to the above insufficient amount V is supplied to 

45 the sample in the reaction vessel 12A from the 
dilution unit 13 through the dilution probe 13A 
under the control of the measurement control unit 

14 so that the magnification ratio for dilution D can 
be obtained. Thereafter, the sample is analyzed by 

so a colorimetric method similarly to a usual sample 

to obtain a mesured value. 

Next, the measured value is corrected by being 

multiplied with the magnification ratio for dilution D 

by the measurement control unit 14 and converted 
56 to an actual concentration value. The converted 

measured value is sent to the overall control unit 

15 and then reported by being outputted to the 
monitor of the display unit 16 or being printed by a 

5 
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printer as data corresponding to each measure- 
ment item. 

Since the sample which is not determined to 
be sucked in an insufficient amount has no prob- 
lem, it is transferred to the direct measurement line 
12 through the route R3 in the state that it is 
sucked by the sample suction probe 2. 

The above described processes will be briefly 
represented by flowcharts shown in Fig. 8. 

Referring to Fig. 8, when it is required to carry 
out the sampling process, a sampling start instruc- 
tion is first made and then, in step S1, the control 
unit instructs to the drive unit 5 so as to move the 
probe 2 for sucking the sample in the vessel 1A. In 
step S2, it is discriminated by the suction monitor 3 
whether or not the predetermined amount of the 
sample can be sucked, and in case of YES, the 
sample vessel 1A is transferred directly to the 
reaction vessel 12A of the measurement line 12 
and in case of No, that is, being discriminated that 
the sample amount is insufficient, the sample is 
delivered to the sample temporary storage unit 6. 

In step S3, the sample quantity determination 
probe 7 is operated to determine the sample 
amount, that is, the top level of the sample in the 
vessel 6A is detected for ensuring the minimum 
amount of the sample sucked. This data is sent to 
the control unit 15 and the insufficient amount of 
the sample is calculated in step S4. In this step S4, 
the magnification ratio for dilution, in a case where 
the calculated insufficient amount of the sample is 
substituted by the pure water, is also calculated. 
The result of these calculations are stored in the 
measurement control unit 14. In the next step S5, 
in accordance with the above calculations, the 
sucked insufficient amount of the sample and the 
added dilution solution are transferred in the reac- 
tion vessel 12A. 

The samples transferred to the measurement 
line 12 are subjected to the concentration calcula- 
tion, step S6, to determine whether or not the 
sample in the reaction vessel 12A is the diluted 
sample, and in case of YES, in step S7, the con- 
centration is converted into an actual concentration 
value by considering the magnification ratio for 
dilution. The result of this calculation is displayed 
to the monitor or printed by the printer as data in 
step S8. These processes are automatically re- 
peated. 

According to the present embodiment, even 
the sample the sucked amount of which is detected 
to be insufficient prior to analysis is transferred to 
the temporary sample storage unit 6 instead of 
being directly transferred to the measurement line 
12. An insufficient amount of the sample is cal- 
culated and the magnification ratio for dilution for 
increasing the amount of the sample to an amount 
necessary for measuring the sample is determined 



in the sample temporary storage unit 6. Thereafter, 
the sample is transferred to the measurement line 
12. The sample is measured in the same way as 
that of a usual sample of sufficient amount and the 
5 measured value is corrected on the basis of the 
magnification ratio for dilution. Therefore, even if a 
sample is insufficiently sucked, the sample is used 
as it is and subjected to analyzing process after 
having been diluted. Accordingly, the sample is not 

io wasted. Further, since the sample need not be 
remeasured, a time consumed by the remeasure- 
ment is saved. It is also to be noted that since a 
method for determining the quantity of a sucked 
sample is not required to have a strict accuracy as 

75 compared with that required when a sample is 
sucked or discharged, this method can be realized 
within the range of usual technologies. 

Further, since the process for determining a 
quantity of an insufficiently sucked sample by the 

20 sample quantity determination unit 7 in the tem- 
porary sample storage unit 6 is carried out concur- 
rently with the usual process for sucking a sample 
from the sample vessel 1A by the sample suction 
probe 2, an analysis efficiency is not lowered at all. 

25 Although the present invention is described 

with respect to an example in which the sample 
suction probe 2 is prepared independently of the 
sample quantity determination probe 7, a single 
probe acting as both the sample suction probe 2 

30 and the sample quantity determination probe 7 
may be used. Further, although a method of deter- 
mining the quantity of a sample in the vessel 6A by 
the temporary sample storage unit 6 is described 
with reference to the example in which an amount 

35 of vertical movement of the sample quantity deter- 
mination probe 7 is utilized, the present invention is 
not limited to this method, and a level height may 
be determined by using an optical method or a 
sucked amount may be set as V1 based on a 

40 change of a detection signal from the suction moni- 
tor 3 and the operation of the pump 4. 

Claims 

45 1. An automatic chemical analysis system in 
which a sample and a reagent supplied in a 
reaction vessel disposed in a measurement 
line are subjected to analysis treatment and 
analyzed result is then reported, comprising: 

50 means lor sucking the sample from a sam- 

ple vessel; 

means lor detecting a fact as to whether a 
sucked amount of the sample is sufficient or 
insufficient for the analysis; 
55 means 1or calculating an insufficient 

amount of the sucked sample when it is de- 
tected by the detecting means that an insuffi- 
cient amount of the sample necessary for the 
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analysis is sucked and for obtaining an in- 
formation regarding an amount of a dilution 
solution for compensating for the insufficient 
amount of the sample; 

means for carrying out an analysis treat- 5 
ment after dilution of the sample in accordance 
with the information of the amount of the dilu- 
tion solution; and 

means for compensating for a result of the 
analysis treatment in accordance with the in- w 
formation of the amount of the dilution solution. 

An automatic chemical analysis system com- 
prising: 

a sample setting unit for accommodating a 75 
plurality of sample vessels each in which a 
sample is contained; 

a suction unit for sucking the sample in the 
sample vessel and detcting an amount of the 
sucked sample; 20 

a sample temporary storage unit for stor- 
ing the sample vessel in which an insufficient 
amount of the sample is contained; 

a dilution unit for diluting the sample con- 
tained in the sample vessel stored in the sam- 25 
pie temporary storage unit; 

a reagent setting unit for supplying a 
reagent into the sample vessel; 

a measurement unit including a sample 
reaction vessel into which the reagent is addi- 30 
tionally supplied from the reagent setting unit; 

means for controlling operations of the 
suction unit, the sample temporary storage unit 
and the dilution unit, said control means in- 
cluding an element for instructing that a sam- 35 
pie vessel containing the sufficient amount of 
the sample is to be directly transferred to the 
measurement unit and a sample vessel con- 
taining the insufficient amount of the sample is 
to be transferred to the sample temporary stor- aq 
age unit, an element for calculating an insuffi- 
cient amount of the sucked sample in the 
sample vessel transferred to the sample tem- 
porary storage unit and for obtaining an in- 
formation regarding an amount of a dilution 45 
solution for compensating for the insufficient 
amount of the sample, an element for carrying 
out an analysis treatment after dilution of the 
sample in accordance with the information of 
the amount of the dilution solution and an so 
element for compensating lor a result of the 
analysis treatment in accordance with the in- 
formation of the amount of the dilution solution; 
and 

means for displaying a result of the analy- 55 
sis of the sample. 

An automatic chemical analysis system ac- 



cording to cliam 2, wherein the suction unit 
includes a sample suction probe for sucking 
the sample from the sample vessel disposed in 
the sample setting unit and a suction monitor 
for detecting the fact as to whether or not the 
sufficient amount of the sample is sucked. 

4. An automatic chemical analysis system ac- 
cording to claim 2, wherein the sample tem- 
porary storage unit includes a sample quantity 
determination probe for determining an amount 
of the sample in the sample vessel transferred 
to the sample temporary storage unit, said 
sample quantity determination probe being 
provided with a level sensor for detecting a 
surface level of the sample contained in the 
sample vessel. 

5. An automatic chemical analysis system ac- 
cording to claim 2, wherein the dilution solution 
is pure water and the sample of the insufficient 
amount is diluted by the pure water with a 
calculated magnification ratio of dilution. 

6. An automatic chemical analysis system ac- 
cording to claim 5, wherein the result of the 
analysis treatment is converted into an actual 
concentration value by considering the mag- 
nification ratio of dilution. 

7. An automatic chemical analysis method for 
sucking a sample in a sample vessel and ana- 
lyzing the sample in a measurement line, com- 
prising the steps of: 

sucking a sample from the sample vessel; 

discriminating whether the sucked samle 
has a sufficient or insufficient amount; 

transferring a sample discriminated to 
have a sufficient amount directly to a measure- 
ment line and separately transferring a sample 
discriminated to have an insufficient amount; 

calculating an insufficient amount of the 
separately transferred sample; 

calculating a magnification ratio for dilution 
for the sample of the insufficient amount; 

supplying a dilution solution by an amount 
in accordance with the calculated magnifica- 
tion ratio for dilution; 

transferring the thus diluted sample to the 
measurement line; 

calculating concentration of the samples 
transferred to the measurement line; 

calculating an actual concentration with re- 
spect to the diluted sample in accordance with 
the magnification ratio for dilution; and 

carrying out a chemical analysis of the 
sample. 
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© An automatic chemical analysis sytem com- 
prises a sample setting unit (1) for accommodating a 
plurality of sample vessels (1A) each in which a 
sample is contained, a suction unit (2) for sucking 
the sample in the sample vessel and detcting an 
amount of the sucked sample, a sample temporary 
storage unit (6) for storing the sample vessel in 
which an insufficient amount of the sample is con- 
tained, a dilution unit (13) for diluting the sample 
contained in the sample vessel stored in the sample 
temporary storage unit, a reagent setting unit (17) for 
supplying a reagent into the sample vessel, a mea- 
surement unit (12) including a sample reaction ves- 
sel into which the reagent is supplied from the 
reagent setting unit (17), and a control unit (15) lor 
controlling operations of these units. The control unit 
(15) performs operations for instructing that a sam- 
ple vessel containing the sufficient amount of the 
sample is to be directly transferred to the measure- 
ment unit (12) and a sample vessel containing the 
insufficient amount of the sample is to be transferred 
to the sample temporary storage unit (6), for cal- 
culating an insufficient amount of the sucked sample 
in the sample vessel transferred to the sample tem- 
porary storage unit (6) and for obtaining an informa- 
tion regarding an amount of a dilution solution for 
compensating for the insufficient amount of the sam- 



ple, for carrying out an analysis treatment after dilu- 
tion of the sample in accordance with the information 
of the amount of the dilution solution, and for com- 
pensating for a result of the analysis treatment in 
accordance with the information of the amount of the 
dilution solution. 
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